Function and regulation of osteopontin in response to mechanical stress.
Extensive histological study revealed the impairment of bone remodeling caused by mechanical stress in OPN knockout mice in a tooth movement system. Analysis of OPN promoter transgenic mice showed the mechanical stress response element(s) in the 5.5-kb upstream region. These results were also obtained with the primary cultured cells. Mechanical loading system changes the bone architecture through the stimulation of bone remodeling by the action of a numbers of molecules. Among them, we showed that osteopontin (OPN) plays an important role in response to mechanical loading in rats with an experimental system for tooth movement. The results indicate the important role of OPN in bone remodeling. However, the molecular mechanism of OPN expression in response to mechanical stress is unknown. OPN knockout mice and transgenic mice carrying green fluorescent protein (GFP) in the control of the OPN promoter were used for analysis. Orthodontic closed coil springs were bonded to the maxillary first molars and incisors for the experimental tooth movement. Spatial expression of GFP and OPN was detected by in situ hybridization. In contrast to wildtype mice, a smaller number of TRACP+ cells was detected in OPN knockout mice after treatment. In GFP-OPN5.5 mice, OPN and GFP mRNA-expressing cells were detected in bone cells after treatment, and the localization of GFP was consistent with that of endogenous OPN. An increase in the co-expression of GFP and OPN was detected when primary cultured osteoblastic cells derived from the transgenic mice were exposed to strain or pressure force. Significant increase in the number of OPN+ osteocyte was detected in the pressure side at 48 h after treatment. At 72 h, increase in the number of TRACP+ cells was detected predominantly in the pressure side. Bone remodeling in response to mechanical stress was suppressed in OPN knockout mice. These results indicate the critical role of OPN in the process of bone remodeling. The analysis of GFP expression in the promoter transgenic mice indicated the presence of an in vivo mechanical stress response element in the 5.5-kb upstream region of the OPN gene.